The corresponding values outside the pigeon-racing season were 18%, 6% and 5% respectively. We estimate that 92% of pigeons killed by Peregrines were racing pigeons, 7% were feral pigeons and the remainder were other domestic pigeon varieties.
Introduction
In the United Kingdom, Common Pigeons Columba livia comprise a significant proportion of the Peregrine diet in many regions (Ratcliffe 1993 , Drewitt & Dixon 2008 . Ratcliffe (1993) proposed that high Peregrine breeding densities found in Snowdonia, Lakeland and Galloway reflected the large, but seasonal supply of racing pigeons that pass through these areas. In South Wales, it has been suggested that Peregrines are largely dependent on racing pigeons for successful breeding (Richards & Shrubb 1999) . Euphemistically described as 'domestic' or 'feral', the pigeons killed by Peregrines comprise mostly racing pigeons (Dixon & Richards 2003, Dixon et al. 2003 , Parrott et al. 2008 , to the extent that changes in Diet of Peregrine Falcons (Falco peregrinus) in relation to temporal and spatial variation in racing pigeon availability in Wales 189 A. Dixon, C. Richards & A. King racing pigeon availability is considered a causal factor of Peregrine population changes in some UK regions (Dixon et al. 2010 , Wilson et al. 2018 . While the influence of racing pigeons on Peregrine ecology is of interest to ornithologists, the potential impact of Peregrine predation on racing pigeons is of concern to pigeon racing enthusiasts (Scottish Homing Union 1998), creating a human-wildlife conflict (Shawyer et al. 2000 , Dixon 2002 , Henderson et al. 2004 .
Common Pigeons exist in various forms and most studies on the diet of Peregrines do not distinguish between them. There is the 'wild-type', the Rock Dove, which has a very restricted range in Britain as a result of inter-breeding with domesticated varieties (Gibbons et al. 1993) . Rock Doves have largely been replaced by 'feral pigeons', most of which are wild-bred rather than captive-bred pigeons living a feral existence (Shawyer et al. 2000) . Feral pigeons have a predominantly coastal and urban distribution, though there is some evidence of an expansion into rural arable areas (Gibbons et al. 1993) . Captive-bred varieties of Common Pigeon, can often be identified by leg-rings and are kept as decorative pets in dovecotes or as sporting pigeons in the form of racers, show-pigeons, tipplers and rollers; the most abundant of these various 'domestic pigeons' is the racing pigeon. Racing pigeons can occur either on passage or as strays in most areas of Britain during the race season (April-September) and home lofts are widespread with concentrations in certain areas.
In this paper we describe the diet of Peregrines inhabiting south-central Wales, focussing particularly on spatial and temporal variation in the availability of racing pigeons. We also examine spatial variation in the 'home origin' of racing pigeons killed at a regional level in south-central Wales and at a finer local scale within South Wales.
Materials and methods

Study area
Peregrine sites within our south-central Wales study region were allocated to three areas i.e. South Wales, the Brecon Beacons and Central Wales (Figure 1 ). The South Wales area is the main centre of pigeon racing in Wales and holds approximately 2350 racing pigeon lofts distributed across most of Figure 1 . The Brecon Beacons area includes Peregrine breeding sites within the boundary of the Brecon Beacons National Park. The Brecon Beacons area holds few pigeon lofts (probably less than 50). The Central Wales area lies to the north of the Brecon Beacons National Park and holds very few racing pigeon lofts (probably less than 10).
Racing pigeon availability
The racing pigeon population in Britain varies in time and space which makes quantitative assessment difficult. The abundance of racing pigeons not only varies seasonally between the race season and the off-season, but also within the race season on a daily basis because most races take place on weekends. In addition to this temporal variation, the abundance of racing pigeons varies spatially depending on the geographical location of lofts, training routes and race routes. Nevertheless, it is still possible to make a qualitative assessment of their availability as prey for Peregrines. The availability of pigeons as prey is related to their activity. We have designated four activities to describe the circumstances of racing pigeons that are available as prey for Peregrines.
(1) Pigeons on race flights, (2) pigeons on training flights, (3) pigeons exercising around the loft and (4) stray pigeons that have failed to return to lofts. The availability of racing pigeons in each of these four classes differed between study areas (Table 1) . Pigeons on race flights are normally only available on weekends along routes between the liberation point and the home loft. Race distances vary in length and pigeons can deviate significantly from a direct flight route yet still home successfully (Dall 'Antonia et al. 1999) . Thus, pigeons on races have an ephemeral, but potentially very widespread, availability. Training flights are of shorter length and occur more frequently than races, but are normally conducted at the same bearing from the home loft. Thus, pigeons on training flights have more frequent but less widespread availability than pigeons on races. During the race season, pigeons are normally released daily from their lofts for exercise flights in the local area. Pigeons on exercise flights have a very frequent but spatially restricted availability. Finally, stray racing pigeons can potentially occur anywhere at any time, though their availability may vary both in time and space. It is likely that there are more strays in the environment immediately following a race weekend and that some of these birds eventually make their way home. Furthermore, it is possible that strays are attracted to particular areas, perhaps to localities where there are large aggregations of lofts or arable areas with a rich food supply. We had no means of assessing the relative availability of stray pigeons between our study areas, but we believe that they were more abundant in South Wales, possibly having been attracted to the area by resident pigeons returning home from races.
Peregrine diet
Over the period 1985-2018, we identified the remains of avian prey at Peregrine breeding ranges in south-central Wales. Prey remains consisted of plucked feathers and partially eaten carcasses. In most cases, in the absence of whole or partially eaten carcases, we categorized the remains based on the condition and number of feathers found at plucking sites, judging them to be either 'recent kills' allocated to the month when they were found or else killed within one of two seasons, 'summer' (April-September; corresponding with the timing of the pigeon race season in Britain) or 'winter' (October-March). Avian prey remains that could not be allocated to a particular month or season were not included in our analyses. The use of prey remains to characterise raptor diets has a number of potential biases (e.g. Newton & Marquiss 1982) . However, as we are only using prey remains to compare the relative frequency of prey species between study areas our approach should not be biased in any particular direction. In order to account for variation in sampling effort, for major prey species, we calculated their percentage of total prey items in each month of the year.
Results
Diet of Peregrines in south-central Wales
We identified 95 species killed by Peregrines in our study areas (Appendix 1), including three that could not be assigned to a specific season i.e. Manx Shearwater Puffinus puffinus, Sandwich Tern Thalasseus sandvicensis and Canary Serinus canaria (the former two being vagrants in south-central Wales and the latter an escaped exotic). In South Wales we identified 79 species from 2869 prey remains, in the Brecon Beacons 60 species from 1215 prey remains and in Central Wales 61 species from 922 prey remains. Common Pigeons were the most important prey species in all three study areas. Apart from Common Pigeons, Jackdaws Coloeus monedula, were frequently killed throughout the year, comprising more than 5% of prey by frequency and weight in summer and winter across all three study areas. Starlings were also an important prey species, comprising more than 5% of prey by frequency in both seasons in each study area. In winter across all three study areas, Wood Pigeons Columba palumbus and Woodcock Scolopax rusticola comprised more than 5% of prey by weight, while Fieldfare Turdus pilaris, Redwing T. iliacus and Blackbird T. merula comprised more than 5% of prey by frequency.
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The frequency of Common Pigeons in prey remains in south-central Wales varied significantly throughout the year. Pigeons are killed much more frequently during the pigeon race season than outside it (Fisher's exact test P < 0.0001), highlighting the importance of racing pigeons in the diet. During the pigeon race season, there was a significant difference in the frequency of pigeons killed in South Wales (63% of kills), the Brecon Beacons (43%) and Central Wales (30%; c 2 = 238, 2 df, P < 0.00001) (Figure 2 ). In terms of prey mass the corresponding percentages were 84%, 67% and 50% respectively. Outside the pigeon race season, the frequency of common pigeons killed was lower overall, but still significantly higher in South Wales (18% of kills), than the Brecon Beacons (6%) and Central Wales (5%; c 2 = 57, 2 df, P < 0.00001) (Figure 2) ; in terms of prey mass, the corresponding percentages were 38%, 14% and 14% respectively.
The proportion of Common Pigeons in the diet increased and decreased sharply in April and September respectively (Figure 3a) . The proportion of Jackdaws in the diet ranged from 5% to 17% of monthly prey items (Figure 3b ), Starlings were killed most frequently in June and during the winter months (Figure 3c ). Fieldfare and Redwing appeared in the diet in October, peaked in December and were last found among prey remains in May (Figure 3d ) and the proportion of Woodcock in the diet exhibited a similar pattern (Figure 3e) . 
Types of Common Pigeon killed by Peregrines
Of 30 Common Pigeon carcasses with both legs present, 28 were ringed indicating that in south-central Wales nearly 7% of pigeon kills were 'feral pigeons' and 93% were domestic pigeons. All but two of these carcasses, both of which were ringed domestic pigeons, were found during the pigeon race season and both feral pigeons were found at Peregrine sites in South Wales. In a sample of 5049 domestic pigeon rings collected at Peregrine sites in south-central Wales 98.7% (N = 4984) were from racing pigeons, 0.8% (n = 40) were from tipplers, 0.3% (n = 15) were rollers, 0.2% (n = 10) were show pigeons. Most tippler rings were recovered from Peregrine nesting sites in the Swansea, Neath and Port Talbot districts (73%).
Discussion
Diet of Peregrines in south-central Wales
The diet of Peregrines in south-central Wales varied in line with spatial and temporal variation in the availability of racing pigeons: where and when racing pigeons were most available they comprised a greater proportion of the diet. Peregrines respond to changes in relative availability of racing pigeons and thus behave like opportunistic generalist avian predators, but it remains an unanswered question as to whether Peregrines selectively specialized on racing pigeons (e.g. Dawson et al. 2011) . Fixation by Peregrines on particular prey species may lead to increased skill in capture, while certain species may be particularly vulnerable prey because of their mass, flight behaviour and their occurrence in unfamiliar habitats (White et al. 2002) . Racing pigeons, with a typical mass of 435 g (Irvine et al. 2007) , fall within the range of 50-500 g suggested to represent optimal prey mass for Peregrines (Ratcliffe 1993, White et al. 2002) and are selectively bred to home accurately and rapidly, and thus are unlikely to exhibit the range of predator avoidance strategies found in wild birds, or find refuges from attack when in unfamiliar habitats on long distance races or if they have strayed from the loft region.
Despite the wide range of prey species killed by Peregrines, the main part of the diet in south-central Wales comprises a relatively small number of species. In summer, in Central Wales where racing pigeons are less available, corvids are an important component of the diet, particularly Jackdaws but also Magpie Pica pica and Rook Corvus frugilegus, along with Wood Pigeon, Mistle Thrush Turdus viscivorus and Starling. In winter, when racing pigeons are less available across all regions, the same species are important with the addition of species that winter in south-central Wales, especially migratory thrushes such as Fieldfare, Redwing and Blackbird, along with Woodcock.
The monthly proportion of Common Pigeons in the diet varied in line with the timing of the pigeon race season, as would be expected when most Common Pigeons killed are racing pigeons. Jackdaws are the next most important prey species for Peregrines in south-central Wales, killed in relatively consistent proportions across the year. Starlings were killed A. Dixon, C. Richards & A. King most frequently in June when post-fledging summer flocks were formed and during winter when resident flocks were augmented by winter migrants. Migrant thrushes and Woodcock are important prey species that arrive in south-central Wales at the end of the pigeon season and make up, at least partially, for the loss of racing pigeon biomass from the environment.
Types of Common Pigeon killed by Peregrines
There is little arable land in any of our three study areas to attract roving flocks of feral pigeons, thus their distribution is mainly restricted to human settlements. Feral pigeons are abundant in most of the larger towns throughout South Wales (Tyler et al. 1987 , Hurford & Lansdown 1995 . They are less abundant in the Brecon Beacons and Central Wales, but they do occur in many of the larger towns within these regions (Gibbons et al. 1993) . Most of the Common Pigeons killed were racing pigeons, though there were a few other varieties of domestic pigeon represented in our ring sample, mainly tipplers, rollers and show pigeons. Their occurrence was highly localised to Peregrine sites in the Swansea, Neath and Port Talbot districts. Tippler pigeons, whose purpose is to fly high above the loft for long periods, must be particularly susceptible to predation. Musgrove (1994) reported that in Bristol, tippler flying all but ceased following colonisation of the city by Peregrines. We note that a similar decline in tippler flying in the Swansea area was reflected in the decreasing frequency of tippler rings recovered from local Peregrine sites over time (tipplers comprised 1.3% of domestic pigeons ringed between 1992-1996 and only 0.5% that were ringed between 1997-2001). 
